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ABSTRACT 
During the Late Devonian time period, sediments eroded from the Acadian 
mountains were transported westward and deposited in fluvial environments, but the 
morphology of the rivers, avulsion style, and controls on basin infilling remain unclear. 
This study assesses the sedimentology, channel geometry, stratigraphic architecture, and 
avulsion style of the paleochannels and floodplains of the uppermost 80 meters of the 
Catskill Formation near Blossburg, Pennsylvania, using field-based lithofacies 
observations, high-resolution panoramic photographs, and terrestrial lidar scanning.  
Upper Catskill Formation strata at Blossburg Middle consist of sandy channel and 
muddy floodplain deposits. Floodplain deposits were categorized into either proximal 
floodplain deposits or distal floodplain deposits. Proximal floodplain deposits consist of 
interbedded mudstone and very fine-grained sandstone interpreted as crevasse splay and 
levee deposits. Distal floodplain deposits consist of red mudstone with desiccation 
cracks, rootlets, pedogenic slickensides, and caliche nodules. Floodplain scours are 
abundant within the distal floodplain deposits and indicate channelization on the 
floodplain. In the Blossburg Middle outcrop, single-story sand bodies (71% of channel 
bodies) are very fine- to medium-grained and cross-stratified. Multistory sand bodies 
occur high in the section and consist of similar sandstones that are separated by scours 
between individual stories. Paleochannel depths measured from bar clinoform heights 
range from 0.6 m to 3.5 m with median grain sizes from 59.93 μm to 204.58 μm (silt to 
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fine sand). Paleoslope values range from 6.10 x 10​-6​ to 6.41 x 10​-4​, across the sampled 
interval, which is similar to very low slope modern rivers. 
Additionally, five of the channel bodies (71%) are consistent with progradational 
avulsion, while two of the channel bodies (29%) are consistent with incisional avulsion. 
These results suggest a mixed avulsion style system of these Late Devonian paleorivers. 
The well-preserved lenticular and ribbon channel bodies, sandy bedforms, abundant 
pedogenic features, and a crevasse splay deposits suggest that the upper Catskill 
Formation at Blossburg Middle represents a fine-grained meandering river system. There 
is no evidence for significant temporal changes in flow depth or paleoslope within the 
sampled stratigraphic interval. Integration of these results with those from a companion 
study (Filion, 2020) of the stratigraphically younger lower Huntley Mountain Formation 
at Blossburg South and Blossburg West document an upsection increase in channel depth 
and grain size. 
 
INTRODUCTION 
The sedimentary geology of north-central Pennsylvania is largely composed of 
Upper Devonian sedimentary strata (Slingerland et al., 2009). The Acadian orogeny, 
occurring from ~420 to 350 Ma, uplifted the Acadian mountain range and deposited 
sediment into the Appalachian basin (Murphy and Keppie, 2005). The Upper Devonian 
strata in Pennsylvania preserve a coarsening upward succession of chiefly sandstone, 
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mudstone, and siltstone that represent marine and terrestrial depositional environments 
(Sevon and Woodrow, 1985). Numerous studies have documented the sedimentology and 
paleontology (Daeschler and Cressler, 2011; Beard et al., 2016) of the upper Catskill 
Formation, but the quantitative analysis of channel depth, grain size, and paleoslope is 
lacking. 
Alluvial architecture refers to the three-dimensional geometry, proportion, and 
spatial distribution of channel sandstones and floodplain mudstones and siltstones and 
can be influenced by tectonics, climate, and the nature of rivers (Boggs, 2011). Channel 
bodies often contain internal surfaces that define stratigraphic “stories” (Friend et al., 
1979; Gibling, 2006) and generally indicate sediment deposition and erosion events in a 
fluvial environment (Chamberlin and Hajek, 2015). Single-story sand bodies display bar 
clinoform sets that indicate lateral channel migration and cohesive channel banks, while 
multistory sand bodies display a complicated internal architecture of stacked channel 
bodies due to the channel migrating across the landscape across a range of scales (Van de 
Lageweg et al., 2015). Multistory sand bodies suggest a highly active channel that 
avulsed to a new area on the floodplain for a period of time, and then eventually 
reoccupied the original channel location. 
At Blossburg Middle, channel facies are lenticular sandstone packages that can 
contain scours, dune-scale trough and tabular cross-bedding, ripple-scale cross-bedding, 
and mudstone rip-up clasts (e.g., Chamberlin and Hajek, 2019). These deposits generally 
fine upward and commonly grade laterally into overbank (proximal floodplain) deposits 
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(Bridge, 1984; Bridge and Tye, 2000). In this study, the floodplain lithofacies were 
divided into proximal floodplain facies and distal floodplain facies. Proximal floodplain 
facies are often comparable to channel facies and progressively decrease in grain size 
away from the main channel (Bridge, 1984). The fine- to very fine-grained sandstone 
sequences are interpreted as crevasse splay deposits (Bridge, 1984). Distal floodplain 
facies are often mudstone to siltstone and have thinner bed sets than proximal floodplain 
facies (Bridge, 1984). 
Channel relocation, or avulsion, is the rapid relocation of a channel to a new 
location on the floodplain and is a natural process that builds alluvial stratigraphy 
(Slingerland and Smith, 2004; Chamberlin and Hajek, 2015). ​The style in which avulsion 
channels are created strongly influences the character of the deposits.​ Avulsion style is 
important in understanding how channels move across the floodplain, but can be difficult 
to observe in ancient deposits. In modern rivers, two avulsion styles have been 
documented, progradational avulsion and incisional avulsion (Slingerland and Smith, 
2004; Hajek and Edmonds, 2014). Progradational avulsions occur when natural levees 
break and deposit sediment on the floodplain through distributary channels and crevasse 
splays (Smith et al., 1989; Mohrig et al., 2000; Slingerland and Smith, 2004; Hajek and 
Edmonds, 2014). In ancient deposits, progradational avulsions create stratigraphy with 
fine-grain proximal floodplain deposits (i.e., crevasse splays) below channel deposits 
(Hajek and Edmonds, 2014). In contrast, incisional avulsions occur when channelized 
flow in the floodplain eventually captures the main channel flow (Schumm et al., 1996; 
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Mohrig et al., 2000; Slingerland and Smith, 2004; Hajek and Edmonds, 2014). Deposits 
of incisional avulsions typically consist of channel deposits with a well-developed scour 
surface on top of fine-grained distal floodplain material (Slingerland and Smith, 2004; 
Hajek and Edmonds, 2014). 
 
Figure 1:​ ​A schematic block diagram of single- and ​multistory sa​nd body forming 
processes that likely occurred at the Blossburg Middle outcrop. A) Intra-channel-belt 
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processes, including lateral and downstream bar migration in a single channel belt. B) 
Channel avulsion and reoccupation of previously active channels creating a multistory 
sand body. C) Laterally confined channels, which erode previous channel deposits 
creating a multistory sand body ​(Chamberlin and Hajek, 2015). 
 
Significance and Goals of Thesis 
This research project aims to improve the understanding of the sedimentology, 
fluvial architecture, and paleoenvironment of the Upper Devonian Catskill Formation. 
Specifically, this project will explore a well-exposed outcrop located north of the town of 
Blossburg, Pennsylvania. The data collected will be composed of panoramas of the 
outcrops, terrestrial LiDAR data, and direct field-based sedimentological observations, 
that will be used to create high-resolution maps of the outcrop. Specific objectives 
include: (1) document outcrop sedimentology, including any stratigraphic changes, to 
reconstruct depositional environments; (2) map the spatial distribution of facies, bar 
surfaces, and channel-belt scour surfaces to determine channel architecture; (3) quantify 
clinoform bar heights and grain size to estimate paleoslope; (4) document facies located 
beneath channel bodies to interpret avulsion style; (5) characterize floodplain scours to 
reconstruct overbank flow properties; and (6) interpret possible controls on Late 
Devonian river morphology and basin infilling through integration of results of the 
present study with previously reported datasets. 
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GEOLOGICAL SETTING 
Acadian Orogeny 
The Devonian period (419.2-358.7 million years ago) was characterized by the 
Acadian orogeny, a mountain-building event in eastern North America attributed to 
collisional tectonics (Walker et al., 2018). The Acadian orogeny, occurring from ~420 to 
350 Mya, created a region of deformation, metamorphism, and plutonism that affected 
~3,000 km of the Appalachian basin, including eastern and north-central Pennsylvania 
(Murphy and Keppie, 2005; Barnes and Sevon, 2014). During Devonian time, foreland 
basin deposits accumulated in terrestrial and marine environments west of a fold-thrust 
belt shaped by crustal shortening and glaciation (Fig. 2) (Faill, 1985; Murphy and 
Keppie, 2005; Brezinski et al., 2010; Bradley et al., 2016).  
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Figure 2:​ Late Devonian depositional setting of the Appalachian foreland basin west of 
the fold-thrust belt during the Acadian orogeny. Arrows depict the generalized direction 
of sediment transport derived from paleocurrents and lithofacies trends. Westward 
progradation of alluvial environments and sea-level regression shifted the shoreline 
westward during Late Famennian time. Adapted from Broussard et al. (2018) with base 
map from Colorado Plateau Geosystems Inc. (2013). 
 
Regional Devonian Stratigraphy 
Upper Devonian (~360-385 Ma) foreland basin strata are exposed across 
southwestern New York, Pennsylvania, and West Virginia and preserve an overall 
coarsening upward succession of sandstone, mudstone, and siltstone (Sevon and 
Woodrow, 1985). In eastern Pennsylvania, 3,500 m of Devonian strata are preserved and 
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decrease in overall thickness and grain size from east to west (Harper, 1999; Slingerland 
et al., 2009). Paleocurrent data and lithofacies trends indicate that the sediments eroded 
from the Acadian mountains were transported westward and deposited in fluvial, coastal, 
and marine environments in the Appalachian foreland basin (Lundegard et al., 1980; 
Potter et al., 1981; Faill, 1985; Harper, 1999). 
The Catskill Formation (Upper Devonian) is a lithostratigraphic unit that records 
sea-level regression and westward progradation of siliciclastic sediments (Ettensohn, 
1985; Faill, 1985; Sevon, 1985; Harper, 1999; Oest, 2015). The Catskill Formation 
interfingers with marine deposits to the west and terrestrial deposits to the east (Harper, 
1999). High rates of clastic sediment flux into the Appalachian basin prompted westward 
progradation of the shoreline, producing an upward coarsening stratigraphic succession 
that is often referred to as the Catskill clastic wedge or the Catskill Delta (Sevon, 1985; 
Slingerland et al., 2009).  
The Late Devonian was an important time for the evolution of plants and animals 
(Algeo et al., 2001; Daeschler and Cressler, 2011; Broussard et al., 2018). Plants rapidly 
radiated onto land, stabilized the landscape, and allowed for an increase in soil 
development (Driese and Mora, 1993; Algeo et al., 2001; Gibling and Davies, 2012). 
This allowed for the fin-to-limb development in freshwater vertebrates and terrestrial 
animal communities to thrive (Daeschler and Cressler, 2011; Broussard et al., 2018). 
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North Central Pennsylvania Stratigraphy 
The formations that make up the Upper Devonian stratigraphy in north-central 
Pennsylvania consist of the Harrell, Brallier, Lock Haven, and Catskill Formations 
(Dennison, 1985; Sevon, 1985; Slingerland and Loule, 1988). Marine shales and 
sandstone turbidites (Harrell and Brailler Formations) are overlain by storm-dominated 
shelf facies (Lock Haven and Chemung Formation); these strata are overlain by coastal 
marine, estuarine, and terrestrial strata of the lower Catskill Formation  (e.g., Irish Valley 
Member) (Cotter, 1998; Slingerland et al., 2009). The upper Catskill Formation consists 
of red sandstones and mudrocks deposited in meandering channel and floodplain 
environments (Peterson, 2009; Slane and Rygel, 2009; Broussard et al., 2018; Zaklicki et 
al., 2019).  
Four well-exposed outcrops along U.S. Route 15 in north-central Pennsylvania 
north of Blossburg expose the lower Catskill Formation (Blossburg North), upper Catskill 
Formation (Blossburg Middle), and lower Huntley Mountain Formation (Blossburg South 
and Blossburg West) and provides a nearly continuous exposed stratigraphic section (Fig. 
3). The Catskill Formation strata yield fossil assemblages of bivalves, placoderms, and 
several taxa of fish (Treaster et al., 2018) and north-directed paleocurrent indicators 
(modern geographic coordinates) (Slane and Rygel, 2009). Other upper Catskill 
Formation outcrops located approximately 30 km south of Blossburg, Pennsylvania also 
document abundant and diverse terrestrial fossil assemblages preserved in fluvial strata 
(Daeschler and Cressler, 2011; Broussard et al., 2018; Treaster et al., 2018). 
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 The focus of this study is the Blossburg Middle outcrop, which consists of a ~80 
m thick succession of red lenticular channel deposits surrounded by floodplain deposits 
(Treaster et al., 2018; Zaklicki et al., 2019). The Blossburg South and Blossburg West 
outcrops are stratigraphically younger than the Blossburg Middle outcrop and consist of a 
~130 m thick gray amalgamated channel deposits (Filion, 2020). 
To the east, the Rockwell Formation and the Spechty Kopf Formation overlie the 
more proximal Catskill Formation deposits (Brezinski et al., 2010). The Rockwell 
Formation and Spechty Kopf Formation are age equivalent to Blossburg West deposits, 
but contain a succession of diamictite-mudstone-sandstone, where the diamictite is 
interpreted to be glacially derived (Brezinski et al., 2010). This stratigraphic interval 
coincides with sea-level drop and glaciation during the Devonian-Carboniferous 
boundary (Brezinski et al., 2010). 
 
12 
 
Figure 3:​ (A) Map showing Upper Devonian sedimentary strata (yellow) exposed in 
Pennsylvania, New York, and New Jersey. (B) Geological map showing the location of 
Devonian strata outcrops along U.S. Route 15 north of Blossburg, Pennsylvania (this 
study; red circles) and Trout Run/Steam Valley (Broussard et al., 2018). This study 
focuses on the Blossburg Middle outcrop, whereas a companion study examines 
stratigraphically younger strata at Blossburg South and Blossburg West (Filion, 2020). 
Geology from Pennsylvania Geological Survey. 
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METHODOLOGY 
This section explains the methods used to obtain sedimentologic data, outcrop 
maps, terrestrial LiDAR data, paleochannel depths, channel bar grain size, and paleoslope 
measurements for the Blossburg Middle outcrop. I carried out all field work and 
measurements except for the grain size data, which was measured by Lily Pfeifer 
(University of Oklahoma).  
 
Lithofacies Mapping 
Sedimentology 
A stratigraphic section was measured on layer-by-layer basis from the base of the 
outcrop to characterize the lithologies in the Blossburg Middle outcrop. Individual layers 
were measured at a centimeter scale using a Jacob staff. Three facies associations 
(channel facies, proximal floodplain facies, and distal floodplain facies) were identified 
by collecting field-based lithological data that included grain size, sedimentary structures, 
bed geometries, and the nature of bed contacts. A hand lens, rock hammer, dilute HCl, 
grain size chart, and a notebook was used to document the lithologies. A Canon camera 
was used to image representative lithofacies photos. This data was then used to interpret 
depositional processes and environments. 
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Gigapan 
A GigaPan EPIC Pro was used to capture high-resolution photograph panoramas 
of the Blossburg Middle outcrop. The product consists of a robot fitted with a Canon 
digital camera mounted on a tripod. The Gigapan positioned the camera to capture 
overlapping images across the entire outcrop. Each panorama contains 300+ individual 
photos. Using the software Gigapan Stitch, the images were stitched together and 
processed into one large panorama that has a maximum resolution approximately 
matching the resolution of each individual image, but across a much larger area. ​The 
Adobe Photoshop RAW format images generated in GigaPan Stitch were then 
compressed into multiple files representing varying levels of detail for mapping the 
spatial distribution of lithofacies. The panoramas can be found ​on the GigaPan website 
(​http://www.gigapan.com/gigapans/216105​). 
For this study, the GigaPan EPIC Pro V was paired with a Canon EOS Rebel T3 
Camera through a Canon 70-300 mm lens (set to 300 mm) magnification. Camera 
settings were based on the amount of sun exposure the outcrop received. GigaPan images 
were taken across the highway ~50-100 m away from the outcrop at three different 
locations to capture the outcrop. Each Gigapan collection position was ​approximately 20 
m apart.  
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Terrestrial LiDAR 
A terrestrial LiDAR scanner (TLS), a surveying method that emits lasers to 
measure the X, Y, Z coordinates of a specific location, was used to generate a spatially 
accurate three-dimensional digital outcrop model to quantify outcrop features. Using the 
FARO Laser Scanner Focus, LiDAR data was collected from scan positions ​~50-100 m 
away from ​the outcrop at three different locations across the highway. ​Each scan position 
was ​approximately 20 m apart.  
To process the raw TLS point cloud, FaroSCENE software was used to filter the 
scans to remove duplicate scan points and add color to the scan points. The scans were 
grouped together as clusters, which are scans that were recorded together and have 
overlapping scan points. Scan groups, created during the scanning process, were also 
automatically grouped into clusters when imported into FaroSCENE.  
FaroSCENE software was then used to create 3D visualizations and perform 
simple measurements. Channel geometries and bar heights were measured using the 
SCENE Software. To start a measurement between two points, the ‘Measure between 
scan points’ was selected and used to generate measurements for channel geometries 
(height and width) and bar heights. In the Quick View and the Planar View of SCENE, 
yellow dashed lines were drawn between the measured points to label the overall 
distance. 
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Facies Mapping 
The stratigraphic section was used to extend the three facies across the Blossburg 
Middle outcrop using a combination of field mapping and Gigapan panoramic images. 
Three maps were created to document the facies within the outcrop. The large panoramic 
image does not capture the area below the guard rail, so two other maps were created to 
capture these covered intervals. The facies maps were created by using the curvature tool 
to outline the facies boundaries in Adobe Illustrator. Each polygon was color coded by 
the respective facies association. 
 
Outcrop Maps of Channel Bodies and Channel-Belt, Intra-channel, and Floodplain 
Scours 
The architecture of the channel bodies was evaluated in the field using Gigapan 
panoramas and the TLS-generated 3D outcrop model. For every channel body, the 
number of stories, channel body thickness, bar heights, and grain size was obtained 
because these characteristics can vary spatially within different channels (e.g., Bridge and 
Tye, 2000). For channel bodies that could not be safely reached in the field, these 
properties (except grain size) were measured on the lidar point cloud. 
Within each channel body, channel-belt and intra-channel belt scouts were 
identified following Chamberlin and Hajek (2015). Laterally extensive scours that 
exhibited at least 1 m in vertical relief were mapped as channel belt scours. Small-scale 
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scours with less than 1 m vertical relief that occurred within single stories were mapped 
as intra-channel-belt scours. 
The architecture of floodplain scours was documented in the field. A floodplain 
scour is a planar surface that truncates the underlying beds, has a concave up geometry, 
and is found within floodplain lithofacies. The vertical and lateral dimensions of sampled 
floodplain scours were obtained using a tape measure. Lithofacies observed directly 
above and below the scour were identified, described, and photographed. 
Seven channels identified in the field were mapped and digitized using a 
combination of field- and digital-based mapping on high-resolution photo panoramas. 
Channel-belt scours, intra-channel belt scours, and floodplain scours were mapped and 
digitized using a similar approach. 
 
Paleoslope Analysis  
The paleoslopes were estimated by collecting paleochannel depth data and grain 
size data from sampled bar locations within the Blossburg Middle outcrop. This data was 
then used to calculate slope by using two equations based on ​modern-day ​sandy 
suspended load dominated rivers (Lynds et al., 2014). 
 
Paleochannel Depth Measurements 
In modern rivers, bars are packages of sediment deposited by bedload that 
build-up to the water surface (Mohrig et al., 2000; Hajek and Heller, 2012). Channels 
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naturally migrate laterally across the floodplain, by doing so, bar deposits track the path 
of the channel on the floodplain. When fully preserved, bars commonly have a sigmoidal 
shape (Miall, 1994; Mohrig et al., 2000; Hajek and Heller, 2012; Chamberlin and Hajek, 
2019). Bar heights were measured from the basal tangential contact to the top of the 
sigmoidal curve and were used as a proxy for local paleochannel depth (Fig. 4). 
 
Figure 4:​ Conceptual example of bar mapping (left) and close-up example of bar 
surfaces and preservation interpretations from the Blossburg Middle outcrop (right). The 
left image shows fully-preserved bars (blue) or partially preserved bars (red).The right 
image shows a partially preserved bar (red) that does not preserve bar-top rollover. This 
bar was measured from the top to the bottom of the sigmoidal shape (yellow). The black 
dashed lines represent intra-channel scour surfaces (modified from Chamberlin and 
Hajek, 2019). 
 
For all measured bars, the preservation was documented. Fully preserved bar 
deposits exhibit a complete or almost complete sigmoidal shape due to bar-top rollover, 
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while partially preserved bar deposits lack observable bar-top rollover. Partially 
preserved bars underestimate depth, but provide a minimum paleochannel depth. 
 
Grain Size Measurements 
Grain size analysis was carried out to determine the distribution of different grain 
sizes within the channel bodies at Blossburg Middle. Five samples were collected from 
the lower reaches of measured bar clinoforms. 
All samples were air-dried at approximately 23°C for several days before using a 
ceramic mortar and pestle for disaggregation. Approximately 5.0 g of each sample was 
passed through a 500, 250, 180, and 125 ​μm nest of sieves and shaken for 15 minutes. 
The amount of sediment in each sieve was inspected under a microscope to ensure that 
the sediment was devoid of grain aggregates. The mass was recorded to make sure 
significant amounts of sample were not lost during the disaggregation process. 
After disaggregation, samples were sent to the University of Oklahoma for laser 
particle analysis completed by Lily Pfeifer. A Malvern Mastersizer 3000 laser particle 
analyzer was used with the small volume module. ​The instrument calculated the diameter 
of the grains by measuring the particle diffraction. The grain size data is reported in Excel 
as volume percentages. 
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Paleoslope Calculations 
Calculating the slope of the ancient fluvial river systems can aid in reconstructing 
the paleolandscape (Lynds et al., 2014)​. Modern rivers provide direct measurements of 
slope, as well as flow depth and sediment type; from which paleoslope estimates were 
developed ​(Lynds et al., 2014). 
For this study, two methods were used for estimating paleoslope. Lynds et al. 
(2014) presents two equations derived from modern-day ​sandy-bed rivers with 
suspension fallout as the dominant mode of sediment transport. These sandy-bed rivers 
are ​analogous to the paleorivers that comprise the upper Catskill Formation at Blossburg 
Middle​. This assumption can be made because the channel depth and grain sizes at 
Blossburg Middle are similar to the measurements from modern sandy suspended load 
dominated rivers. 
Method 1 uses median grain size ( and bankfull flow depth (paleochannel)D50b  
depth) to calculate the paleoslope (Lynds et al., 2014). The first method assumes a 
constant value for Shields number at bankfull flow ( ) and assumes the bed materialt*bf50  
is composed of quartz ( ). The equation for Method 1 is.65R = 1   
 (1).S = Hbf
(1.65)D50b  
The second method estimates slope for suspended-load dominated rivers by 
allowing the Shields number to vary with grain size (Lynds et al., 2014. On average, the 
values from this method vary no more than a factor of 1.3. This method also accounts for 
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the ratio between shear velocity to particle settling velocity ( = 3.1 for very fine andws
u*sf  
fine sand), settling velocity ( ), and Reynolds number ( ). The equation forW * Rep  
Method 2 is 
  (2).( ( ) )S = Hbf
1.65D50b
ws
u*sf W *
Rep
1/3 2
 
RESULTS 
Sedimentology 
Seven lithofacies comprising three facies associations were identified in the 
Blossburg Middle outcrop (Table 1). The stratigraphic section (Fig. 5) shows the vertical 
extent of the three facies. Figures 6-8 show representative photos of each facies 
association. The lateral extent of the three facies is shown in Figures 9-11 (outcrop 
maps).  
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Figure 5: ​Stratigraphic section of the upper Catskill Formation (000 m - 270 m) and 
lower Huntley Mountain Formation (320 m - 405 m) exposed near Blossburg, 
Pennsylvania. This study focused on the Blossburg Middle portion of the stratigraphic 
section (192 m - 270 m) and combined with the stratigraphic section of Blossburg North 
(Slane and Rygel, 2009), Blossburg South (Filion, 2020). Proximal and distal floodplain 
facies are combined for reasons of scale. 
 
Table 1:​ Lithofacies characteristics and interpretations for upper Catskill Formation 
strata at the Blossburg Middle outcrop. 
Lithofacies Description Process 
Interpretation 
Environment 
Interpretation 
Facies 
Association 
Sc Red, reddish-brown or reddish-gray, well- to 
moderately - sorted, medium- to 
thick-bedded, very fine- to lower 
medium-grained sandstone with trough 
cross-stratification, transported caliche clasts, 
and sparse plant fragments/rootlets. 
Lenticular sandstone beds pinch-out laterally 
over tens of meters and are commonly 
amalgamated vertically or separated by 
horizontal to inclined scour and bar clinoform 
surfaces; scours can contain mudstone rip-up 
clasts and fish fossil fragments. 
Unidirectional 
streamflow 
Channel under 
varying flow 
velocity 
Channel 
Facies 
St Greenish-gray, well- to moderately sorted, 
medium- to thick-bedded, very fine- to lower 
medium-grained micaceous quartz sandstone 
with low angle trough cross-stratification, 
green/gray mudstone rip-up clasts, 
transported caliche clasts, and sparse plant 
fragments/rootlets. Lenticular sandstone beds 
pinch-out laterally over tens of meters and are 
commonly amalgamated vertically or 
separated by horizontal to inclined scour and 
bar clinoform surfaces; scours contain 
mudstone rip-up clasts and fish fossil 
Unidirectional 
streamflow 
Channel under 
varying flow 
velocity 
Channel 
Facies 
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fragments. 
 
Sh Red to reddish-brown and greenish-gray, 
medium- to thick-bedded, very fine- to lower 
medium-grained sandstone with horizontal 
stratification, mudstone rip-up clasts, fish 
fossil fragments, transported caliche clasts, 
and sparse plant fragments/rootlets. 
Lenticular sandstone beds pinch-out laterally 
over tens of meters and are commonly 
amalgamated vertically or separated by 
horizontal to inclined scour and bar clinoform 
surfaces; scours can contain mudstone rip-up 
clasts and fish fossil fragments. 
Planar bed flow Channel under 
varying flow 
velocity 
Channel 
Facies 
Sm Red to reddish-brown, thin-to-medium 
bedded, mudstone and very fine to upper fine 
sandstone. Lenticular bed geometries with a 
lateral gradation into channel lithofacies (Sc, 
St, Sh). Commonly massive with rare caliche 
nodules, rootlets, and slickensides. 
Intermittent 
unidirectional 
stream flow and 
suspension 
fallout with 
minor 
desiccation and 
pedogenesis 
Levee deposit Proximal 
Floodplain 
Facies 
Fsc Red to reddish-brown, very fine-upper to 
fine-lower sandstone. Thinly bedded (10-60 
cm), sharp based contact with mudstone 
below; upper margins of bed occasionally 
fine into mudstone over 5-10 cm. Commonly 
massively bedded with occasional horizontal 
stratification and/or ripple-scale 
cross-stratification, transported caliche 
nodules (1-2cm), and shale partings. Rootlets 
located at the top of the beds. Commonly 
interbedded with Sm. 
Intermittent 
unidirectional 
stream flow and 
suspension 
fallout with 
minor 
desiccation and 
pedogenesis 
Crevasse 
splays via 
levee breach 
on the 
floodplain 
Proximal 
Floodplain 
Facies 
Fm Red mudstone and claystone. Thinly bedded, 
with abundant caliche nodules, and pedogenic 
slickensides. Few rootlets and mud cracks 
located at the top of the beds. 
Suspension 
fallout, 
desiccation, 
pedogenesis 
Low energy 
floodplain 
Distal 
Floodplain 
Facies 
F Reddish-brown and greenish-gray mudstone, 
claystone, and shale, thin- to medium-bedded, 
with relict laminae, pedogenic slickensides, 
and green mottling/reduction haloes. 
Suspension 
fallout, 
desiccation, 
pedogenesis 
Low energy 
floodplain with 
minor ponded 
water 
Distal 
Floodplain 
Facies 
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Lithofacies Association 1: Channel Facies 
This facies association consists of seven single-story and multistory lenticular 
packages that make up approximately 33% of the measured section at the Blossburg 
Middle outcrop. The channel facies (Sc, St, and Sh) are comprised of red to reddish 
brown and greenish-gray, medium- to thick-bedded, very fine- to lower medium-grained 
sandstone with massive (structureless) bedding, trough cross-stratification, horizontal 
stratification, transported caliche nodules, mudstone rip-up clasts, fish fossil fragments, 
and few-to abundant plant fragments/rootlets and horizontal burrows (Fig. 6). Mudstone 
rip-up clasts and fish fragments are concentrated at channel bases, whereas rootlets and 
plant fragments are primarily located on the bed tops. 
A.  
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B.  
 
C.  
 
Figure 6:​ Representative channel lithofacies photographs from Blossburg Middle. (A) 
Amalgamated sandstone beds with cross-stratification in lower bed (St) and horizontal 
stratification in overlying bed. (B) Fine-grained sandstone with irregular base scoured 
into red mudrock (Sc). (C) Channel base with light-colored gravel-sized caliche nodules 
and fish fragments concentrated at the base (Sh). Refer to Table 1 for lithofacies 
abbreviations. 
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The channel lithofacies (Sc, St, and Sh) have different sedimentary structures 
formed by different bedforms. Lithofacies Sc and St contain low angle cross stratification 
which forms in low flow regimes, specifically when the Froude number, the ratio 
between inertial and gravitational forces, is less than one (Boggs, 2011). At higher flow 
regimes, ripples and dunes are destroyed and planar cross stratification develops, which 
occurs at a Froude number greater than one (Boggs, 2011). Planar cross stratification is 
observed in channel lithofacies Sc, indicating a higher channel flow velocity during 
deposition. The channel deposits at Blossburg Middle also contain mudstone rip-up clasts 
and reworked caliche nodules, indicating a turbulent flow that was able to entrain 
mudstone and caliche in flow.  
Based on the fine- to medium-grained sandstone, lenticular bed geometries, and 
unidirectional flow indicators, these sandstones accumulated along channel bases and 
channel bars where sediments experienced unidirectional flow. 
 
Lithofacies Association 2: Proximal Floodplain Facies 
This lithofacies association makes up approximately 29% of the measured section 
at the Blossburg Middle outcrop and makes up the lower portion of the stratigraphic 
section (192m - 201m, 224m - 238m). The proximal floodplain facies consist of levee 
deposits (Sm) and crevasse splay deposits (Fsc). Levee deposits consist of red to 
reddish-brown, mudstone and fine-grained sandstone, and commonly grades laterally into 
channel lithofacies (Sc, St, Sh). Crevasse splay deposits consist of a sharp-based red to 
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reddish-brown, fine-grained sandstone with occasional horizontal stratification and/or 
ripple-scale cross-stratification, transported caliche nodules, and shale partings. Crevasse 
splay deposits are often interbedded with levee deposits (Sm) (Fig. 7). 
A.  
 
B.  
 
Figure 7:​ Representative proximal floodplain lithofacies photographs from Blossburg 
Middle. (A) Two crevasse splay deposits of fine-grained sandstone encased in red 
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mudstone and shale (Fsc). Thicker channel body crops out at the top of the outcrop. (B) 
Sandstone bed (middle) (Sm) encased in red mudstone with green reduction zones. 
 
Lithofacies Association 3: Distal Floodplain Facies 
This lithofacies association makes up approximately 38% of the measured section 
at the Blossburg Middle outcrop. The distal floodplain facies are concentrated in the 
middle and upper portion of the stratigraphic section (203- 211 m, 215-224 m, and 
243-256 m). The distal floodplain lithofacies (Fm and F) contain red to reddish-brown 
and greenish-gray, thin- to medium-bedded mudstone, claystone, and shale with relic 
laminae and irregular green mottles, rootlets, and desiccation/pedogenic features such as 
slickensides (Fig. 8).  
A.  
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B.  
 
C.  
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D.  
 
E.  
 
Figure 8: ​Representative distal floodplain lithofacies photographs from Blossburg 
Middle. (A) Red mudstone with pedogenic slickensides (Fm). (B) Red to reddish-brown 
mudstone with relic laminae and green reduction zones (F). (C) Thinly bedded red to 
reddish-brown mudstone and claystone with relic laminae, green reduction zones, and 
abundant 1-3 cm long caliche nodules (Fm). (D) Red fissile shale with green reduction 
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zones (F). (E) Red mudstone with rootlets and mud cracks located on top of a float block 
(Fm). 
Mudstone and shale deposits typically form under conditions in which fine 
sediment is abundant and the flow allows for settling of mud, silt, and clay (Boggs, 
2011). The distal floodplain deposits record deposition via overbank flooding and 
standing water (e.g., ponds), as evidenced by claystone and shale deposits, and reduction 
zones. These deposits also contain rootlets and caliche nodules that typify paleosols. 
Rootlets provide diagnostic evidence of a terrestrial environment colonized by plants, 
which allowed for the development of soils (Boggs, 2011). Rootlets, caliche nodules, and 
slickensides suggest floodplain environments with little intermittent flow (Boggs, 2011), 
which allowed for the growth of plants, and desiccation and caliche development. 
 
Alluvial Architecture 
At the Blossburg Middle outcrop, the fluvial architecture was documented by 
analyzing the geometry and spatial distribution of channel, proximal floodplain, and 
distal floodplain facies. Maps of the Blossburg Middle outcrop document the spatial 
distribution of lithofacies, paleochannel geometries, single- and multistory sand bodies, 
and scour surfaces within the studied stratigraphic interval (Figs. 9-11). 
Three outcrop maps were created to document the Blossburg Middle outcrop 
(Figs. 9-11). Within each outcrop map, the three main lithofacies associations were 
identified (refer to the sedimentology section for more details on the lithofacies 
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associations). Based on lithofacies documented in the stratigraphic column, the Blossburg 
Middle outcrop is composed of ~35% channel facies, ~50% proximal floodplain facies, 
and ~15% distal floodplain facies. The stratigraphic column happens to span a part of the 
outcrop with abundant distal floodplain facies and, therefore, overestimates the amount of 
distal floodplain facies within the entire outcrop. 
 
Channel Architecture 
The distribution of channel bodies was documented for the Blossburg Middle 
outcrop. The Blossburg Middle outcrop consists of channel bodies that are laterally 
disconnected. Channel body dimensions and architecture measurements are presented in 
Table 2. The channels observed in the Blossburg Middle outcrop include both single-and 
multistory sand bodies. Single-story sand bodies (71% of channel bodies) are very fine- 
to medium-grained, cross-stratified with little-to-no mud located within the channel body. 
Multistory sand bodies consist of similar sandstones and contain ~5 to 10 cm of 
intervening mud between each story.  
The thickness of each channel body was measured using the digital outcrop model 
generated with the TLS. The thickness of the channel bodies range from 1.50 m to 6.20 
m. The thicknesses of the two MSBs are 5.25 m and 6.20 m. Both of the MSBs have two 
stories, with the average story thickness being 1.5 m. 
The alluvial architecture of the upper Catskill Formation in the Blossburg Middle 
outcrop varies upsection. The lowermost three channels are single-story sand bodies that 
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contain red fine-grained sandstone with trough cross-stratification (Sc). These three 
channels range from 1.5 m to 3.0 m thick. Intra-channel belt scours are not observed in 
these three channels. 
The fourth channel observed in the Blossburg Middle outcrop, located at 213 m, 
is also a single-story sand body with reddish to reddish-gray very fine-grained sandstone 
with low angle cross-stratification (Sc). This channel has a thickness of 5.0 meters and a 
width of 40 meters. 
Channels 5 and 6 are multistory sand bodies with well-defined basal scour 
surfaces. Channel 5 contains two stories with a very fine-grained sandstone with a thin 
drape (~10 cm) of mudstone in some areas between the two stories. ​Within channel body 
five, each story contains bars that are 1.5m high. Channel 6 ​contains two stories with very 
fine- to fine grained sandstone and well-developed paleosol with caliche nodules and 
rootlets between the stories. 
The seventh channel observed in the Blossburg Middle outcrop is a single-story 
sand body with dominantly gray fine-grained sandstone with trough cross-stratification, 
mud rip-up clasts, and fish fossil fragments. This channel occurs in the uppermost area of 
the outcrop and is 1.75 m thick and approximately 150 m wide. 
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Figure 9:​ Panoramic view of Blossburg Middle outcrop: (top) raw image and (bottom) 
facies map showing architectural surfaces and sample locations. The yellow overlay 
shows channel facies, the orange overlay shows proximal floodplain facies, and the 
maroon overlay shows distal floodplain facies. Inset boxes show the position of the other 
outcrop maps shown in Figures 10 and 11. 
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Figure 10:​ Annotated photograph of the lower half of the Blossburg Middle outcrop. See 
Figure 9 for legend explanation. Note the overall upsection increase in channel body 
dimensions from the bottom of the stratigraphic section (bottom left) to the top of the 
section (top right).  
 
 
Figure 11:​ Annotated photo of channel 5 (center) of the Blossburg Middle outcrop. See 
Figure 9 for legend explanation. Note multistory sand body architecture with thin drape 
of intervening mudstone between the two stories, suggesting avulsion and reoccupation. 
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Figure 12: ​Representative example of a multistory sand body (channel body 5). The 
black lines define the two channel-belt scours that separate the stories (for scale - 
geologist about 1.5 meters). Note that each story has a different orientation of bed sets 
(bottom – inclined, tangential; top - planar). 
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Table 2:​ Properties of channel bodies in the upper Catskill Formation at Blossburg 
Middle. 
Sand Body Stratigraphic 
Height (m) 
Sand Body 
Thickness (m) 
# of Stories Grain Size 
7 268 1.75 1 fu 
6 261 6.20 2 f 
5 228 5.25 2 vfu 
4 213 5.0 1 vfu 
3 209 1.5 1 fu 
2 203 3.0 1 fl - fu 
1 196 2.0 1 fl - fu 
Notes: ​Stratigraphic height refers to the location on the stratigraphic column shown in 
Figure 5. Channel body grain sizes are based on field observation and are given by vfu, 
very fine upper sand; fl, fine lower sand;  f, fine sand; fu, fine upper sand; ml, medium 
lower sand. 
 
Floodplain Architecture 
In this study, floodplain architecture refers to the distribution of floodplain 
lithofacies and floodplain scours across the Blossburg Middle outcrop. A floodplain scour 
is a planar surface that truncates the underlying beds, has a concave up geometry, and is 
found within floodplain lithofacies. Floodplain architecture data includes floodplain scour 
geometries, lithofacies above and below the scour surface, lithofacies above and below 
channel bodies, and the abundance and location of floodplain scours relative to other 
facies associations. This data was collected to understand overbank flow properties. The 
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Blossburg Middle outcrop is composed of ~50% proximal floodplain facies and ~15% 
distal floodplain facies (Fig. 9). Proximal floodplain facies are distributed throughout the 
Blossburg Middle outcrop and are commonly found directly beneath channel facies (Fig. 
9). Distal floodplain facies are concentrated in the middle of the outcrop, with small 
pockets located within the proximal floodplain deposits or on top of channel facies (Fig. 
9). 
 
Reconstructed Floodplain Scour Geometries 
Eighteen floodplain scours were documented within the Blossburg Middle 
outcrop (Figs. 13 and 14, Table 3). The documented floodplain scours are concentrated 
within distal and proximal floodplain facies at the center of the outcrop; however, 
floodplain scours at the upper regions of the outcrop were not analyzed as thoroughly. 
The incision depths, or the vertical relief, of the floodplain scours range from 10 cm to 70 
cm, while the scour surface length varies from 1.5 m to 10 m. Floodplain scour 
geometries range from concave to planar, with a majority of the floodplain scours being 
concave. 
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Figure 13:​ Panoramic view of Blossburg Middle outcrop showing floodplain scour 
locations. All 18 of the sampled floodplain scours are not visible on this map, as some of 
the floodplain scours are located below the guard rail. The black box shows the location 
of the majority of floodplain scours (yellow). 
 
Four different patterns of floodplain scours were identified in the Blossburg 
Middle outcrop. These patterns are defined by which lithofacies are exposed above and 
below the scour. The patterns are: proximal above distal, distal above proximal, proximal 
above proximal, and distal above distal. The distal floodplain deposits are composed of 
dominantly red mudstone with relic bedding, rootlets, caliche nodules, mudcracks, and 
green reduction zones. The distal floodplain deposits can contain well-developed 
paleosols. The proximal floodplain deposits are composed of red very fine grain 
sandstone and interbedded siltstone with rootlets (Refer to Sedimentology section above 
for sedimentologic details). 
Eight floodplain scours separate proximal floodplain lithofacies from underlying 
distal floodplain deposits, making this the most common pattern observed in the outcrop. 
Five floodplain scours are defined by distal floodplain lithofacies overlying proximal 
floodplain lithofacies. Two floodplain scours are defined by proximal floodplain 
lithofacies above and below the scour boundary. Three floodplain scours are defined by 
distal floodplain lithofacies above and below the scour boundary.  
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Most of the scours analyzed are concentrated in the middle of the Blossburg 
outcrop. Each scour was identified using letters A through M, with scour A being the 
lowest scour in the stratigraphic interval. The majority of the scours have proximal 
floodplain lithofacies overlying distal floodplain lithofacies and are concentrated low in 
the stratigraphic interval. The scours with distal floodplain lithofacies overlying proximal 
floodplain lithofacies are concentrated high in the stratigraphic interval. 
The processes that create these different patterns can be interpreted based on the 
deposits above and below the scour surface. Proximal floodplain deposits overlying distal 
floodplain deposits suggest floodplain channel initiation where the proximal deposits 
buried the distal paleosols. The presence of distal floodplain deposits overlying proximal 
floodplain deposits suggests that the floodplain channel relocated and allowed for 
paleosol development. The patterns with the same facies above and below the scour 
surface suggest a short-lived floodplain channel that did not have the ability to 
accumulate channel sediment. These floodplain scours provide more information on 
overbank flow properties during Late Devonian time. 
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Table 3: ​Properties of floodplain scours in the upper Catskill Formation at Blossburg 
Middle. 
Scour 
Identification 
Lithofacies Below 
Scour 
Lithofacies 
Above Scour 
Vertical 
Dimensions (cm) 
Lateral 
Dimensions (m) 
A 
Distal​ -  Red 
mudstone and red 
shale (over 10 cm) 
Proximal​ - Red 
very fine-upper 
sandstone with 
rootlets 
70 2.0 
B 
Distal​ - Dominantly 
red mudstone with 
relict bedding, 
rootlets, caliche 
nodules, mudcracks, 
and green reduction 
zones and a thin 
wedge of very fine 
sandstone with 
reworked caliche 
Proximal​ - Red 
very fine 
sandstone with 
rootlets 
50 3.5 
C 
Distal​ - Red mudstone 
and siltstone with 
relict bedding and 
rootlets 
Proximal​ - Red 
very fine-lower 
sandstone with 
reworked caliche 
nodules and 
abundant rootlets 
10 4.5 
D 
Proximal​ - Red very 
fine sandstone 
Proximal​ - Red 
very fine 
sandstone fine to 
siltstone 
20 4.0 
E 
Distal​ - Red mudstone 
and siltstone with 
relict bedding, 
rootlets, and green 
reduction zones 
Distal​ - Red 
mudstone and 
siltstone with 
relict bedding, 
rootlets, and green 
30 10 
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reduction zones 
F 
Distal​ - Red mudstone 
with mudcracks, 
rootlets, and 
pedogenic 
slickensides 
Proximal​ - Very 
fine sandstone fine 
to siltstone with 
rootlets 
40 4.0 
G-1 
Proximal​ - Red to 
reddish-brown  
very fine grain 
sandstone with caliche 
nodules 
Proximal​ - Red 
very fine 
sandstone 
interbedded with 
siltstone with 
rootlets 
40 1.5 
G-2 
Proximal​ - Red very 
fine sandstone 
interbedded with 
siltstone with rootlets 
Distal​ - Red 
siltstone with 
rootlets 
interbedded with 
thin shale drapes  
10 2.5 
G-3 
Proximal​ - Red very 
fine sandstone and 
siltstone with rootlets 
Distal​ - Red 
siltstone with 
caliche nodules 
37 1.5 
H-1 
Distal​ - Red mudstone 
and siltstone with 
rootlets 
Proximal​ - Very 
fine sandstone 
fining upwards to 
siltstone 
27 3.0 
H-2 
Proximal​ - Very fine 
sandstone fining 
upward to siltstone 
Distal​ - Red 
mudstone with 
laminations, 
rootlets, and green 
reduction zones 
70 6.0 
I-1 
Distal​ - Red mudstone 
with green reduction 
zones 
Proximal​ - Very 
fine sandstone 
25 1.5 
I-2 
Proximal​ - Very fine 
sandstone 
Distal​ - Clay 
mudstone with 
25 2.0 
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laminated bedding 
and red siltstone 
J-1 Distal​ - Red siltstone 
Distal​ - Red 
siltstone 
60 6.0 
J-2 Distal​ - Red siltstone 
Distal​ - Red 
siltstone 
15 3.5 
K 
Proximal​ - Red very 
fine sandstone 
Distal​ - Red 
mudstone thinly 
bedded 
60 6.0 
L 
Distal​ - Red mudstone 
with caliche nodules 
and pedogenic 
slickensides 
Proximal​ - Red 
very fine lower 
sandstone and 
siltstone with 
rootlets 
60 6 
M 
Distal​ - Red mudstone 
with green reduction 
zones 
Proximal​ - Red 
very fine-lower 
sandstone 
interbedded with 
siltstone 
40 10 
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A.  
B.  
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C.  
D.  
Figure 14:​ Representative floodplain scour photographs from Blossburg Middle. (A) 
Proximal floodplain lithofacies above distal floodplain lithofacies (Floodplain Scour L). 
(B) Distal floodplain lithofacies above proximal floodplain lithofacies (Floodplain Scour 
K). (C) Proximal floodplain lithofacies over proximal floodplain lithofacies (Floodplain 
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Scour D). (D) Distal floodplain lithofacies over distal floodplain lithofacies (Floodplain 
Scour E). Geologist (1.5 m) for scale. Refer to Table 3 for scour details. 
 
Avulsion Style 
In this study, progradational avulsions are characterized by deposits that generally 
consist of multiple sequences of proximal-overbank (i.e., crevasse splay) deposits 
stratigraphically below channel deposits. Incisional avulsions are characterized by 
channel deposits on top of distal floodplain deposits (Hajek and Edmonds, 2014). In this 
study, these deposits consist of thinly layered mudstone with pedogenic structures 
stratigraphically below channel deposits. 
In order to determine the avulsion style of the paleochannels of the Upper Catskill 
Formation, lithofacies below each channel body were documented and described. 
Fine-grained, thin sheet sandstones, interpreted to represent crevasse splay deposits, 
occur below channel bodies 1, 2, 3, and 4 in the lower part of the Blossburg Middle 
outcrop. 
Channel bodies 5 and 6 overlie distal floodplain deposi​ts (Figure 11).​ These distal 
deposits are thinly layered mudstones with pedogenic structures (caliche nodules, 
reduction zones, slickensides) characteristic of paleosols. Channel bodies 5 and 6 
represent incisional avulsion because each overlie distal floodplain deposits. This most 
likely occurred from an active channel that avulsed to a distal floodplain location, where 
the active channel quickly eroded the distal floodplain deposits. 
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Channel 7 is a single-story channel body that overlies crevasse splay deposits, 
similar to channel bodies 1, 2, 3, and 4. Thus, channel 7 suggests a return to 
progradational avulsion. In summary, the Blossburg Middle outcrop contains evidence 
for both avulsion styles. 
 
Paleochannel Depth 
Eight bar clinoform heights were measured as a proxy for local paleochannel 
depth in the Blossburg Middle outcrop (Fig. 15, Table 4). Four measured bars are fully 
preserved and four measured bars are partially preserved. Fully preserved bars exhibit 
bar-top rollover, whereas partially preserved bars exhibit truncation of the bar top and no 
bar-top rollover. Measured heights range from 0.6 m to 3.5 m, with a median height of 
2.5 m and a mean height of 1.5 m. Fully preserved bars have a median height of 1.45 m 
and a mean of 1.75 m. Partially preserved bars have a median height of 1.2 m and a mean 
of 1.18 m. Within the single-story sandbodies, 66% (4 out of 6) of measured bars are 
fully preserved. Both bars measured in the multistory sand bodies are partially preserved. 
It is expected that bars will be truncated and partially preserved within the lower stories 
of multistory sand bodies (Mohrig et al., 2000). Partially preserved bars provide a 
minimum flow depth. These findings are based on relatively few data points.
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Figure 15: ​Bar clinoform heights plotted against the stratigraphic position for the upper 
Catskill Formation at Blossburg Middle. Note that a majority of the bars located high in 
the stratigraphic section are partially preserved and thus provide only a minimum 
paleochannel depth. Refer to Figure 9 for locations of measured bars. 
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Table 4:​ Summary of bar heights measured within channel bodies at Blossburg Middle. 
Channel 
Body 
Stratigraphic 
Position (m) 
Bar Height 
(m) 
Sample 
Name 
Preservation 
Type 
# of 
Stories 
7 268 0.6 N/A Fully 
Preserved 
1 
6 261 0.8* BLBM19-0
2-B5 (Bar 5) 
Partially 
Preserved 
2 
5 232 0.9 N/A Partially 
Preserved 
2 
5 230 3.5 N/A Fully 
Preserved 
1 
5 229 1.5* BLBM19-0
1-B4 (Bar 4) 
Partially 
Preserved 
1 
5 228 1.5* BLBM19-0
4-B3 (Bar 3) 
Partially 
Preserved 
1 
4 213 2.0* BLBM19-0
7-B1 (Bar 1) 
Fully 
Preserved 
1 
3 209 0.9* BLBM19-0
6-B2 (Bar 2) 
Fully 
Preserved 
1 
Note: Bar heights with * were included in the statistical analysis. Samples were not taken 
in stratigraphic order. 
 
Two statistical tests were performed to evaluate bar height change at Blossburg 
Middle; a linear regression test and a Wilcoxon rank-sum test (ɑ = 0.050). For the 
Wilcoxon rank-sum test the dataset was split into two populations: samples low in the 
stratigraphic section (<232 m) and samples high in the stratigraphic section (>232 m). 
Although eight bars were measured (Table 4), three were excluded from the analyses to 
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avoid duplicate measurements within the same channel body. The following analysis 
focuses on these five sampled bars. Later in the study (after grain size analyses), the 
average grain size for bar 3 was found to consist of silt. This error may have been due to 
the nature of the sample site. Therefore, an analysis with four bars, within the sand range, 
was also performed. These sample numbers are so small that the validity of these 
statistical tests is in question; however, this section is included to demonstrate how 
statistics can be used to evaluate these types of upsection changes. 
For the dataset including five bars, the linear regression yields an R​2​ value of 
0.142, while the rank-sum test yields a p-value of 0.0714 (> ɑ = 0.050). For the dataset 
including four bars (excluding B3), the linear regression yields an R​2​ value of 0.408, 
while the rank-sum test yields a p-value of 0.0952 (> ɑ = 0.050). The very low R​2​ values 
demonstrate that a linear correlation between stratigraphic height and paleochannel depth 
does not exist. The high p-values (> ɑ = 0.050) indicate that the paleochannels are 
independent and unrelated. Both analyses show that there is not a significant stratigraphic 
change in paleochannel depth within the five sampled bars. Although the linear 
regression test and the Wilcoxon rank-sum test yield similar results, these findings are 
based on very few data points. Additionally, half of the bars used in the statistical 
analysis are partially preserved, thus, providing an underestimate of paleochannel depth.  
 
 
 
 
53 
Grain Size Analysis 
Grain size analysis was used to measure the distribution of different grain sizes 
within the five sampled channel bars of the Blossburg Middle outcrop. Grain size 
analyses were calculated as volume percent and converted into a cumulative frequency 
plot for a visual representation of the distribution of grain sizes (Fig. 16). Grain sizes in 
the sampled sandstones range from 0.01μm to 756.45μm (clay to coarse sand) (Table 5). 
Refer to Appendix 1 for the raw data table. 
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Figure 16: ​Cumulative frequency plots of grain diameter for five sampled channel bar 
samples from Blossburg Middle. Note that each bar contains abundant fine sand. Refer to 
Figure 9 for sample locations and Table 5 for grain size data.  
 
The Blossburg Middle outcrop exhibits variation in grain size among the five 
samples (Fig. 16). The ranges for each sample are as follows: Bar 1 (1.26μm - 
665.79μm), Bar 2 (1.13μm - 665.79μm), Bar 3 (0.01μm - 665.79μm), Bar 4 (1.28μm - 
665.79μm), Bar 5 (1.45μm - 665.79μm). Grain size distributions have a similar shape for 
all bars, with each bar containing grain sizes between silt and medium sand (Fig. 16). 
Other mathematical calculations characterize the grain size distribution in the 
sampled bars from the Blossburg Middle outcrop (Table 5). Bar 3​ was excluded because 
the average grain size does not fall within the sand grain size. 
For the remaining four samples, D​10​, D​50​, and D​95​ were calculated, where the D 
represents the diameter of the particle. The D​10​ for all samples falls within the silt grain 
size. The D​50​, the average particle size, for samples B1, B2, B4, and B5 are within the 
very fine to fine sand grain size. The D​95​ for B1, B2, B4, and B5 range from medium 
sand to lower coarse grain size, with the coarsest grain size located high in the 
stratigraphic section. The average particle size of the sampled bars suggests an upsection 
increase in grain size within the sampled interval; however, this is based on a small 
number of quantitative measurements that targeted measurable bars, instead of a 
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systematic sampling of grain size. The measured section provides a more systematic 
summary of grain sizes, but lacks the quantitative information. 
 
Table 5: ​Gr​ain size distributions ​for five channel bar samples from Blossburg Middle​. 
 BLBM19-07-
B1 (Bar 1) 
BLBM19-06-
B2 (Bar 2) 
BLBM19-04-
B3 (Bar 3) 
BLBM19-01-
B4 (Bar 4) 
BLBM19-02-
B5 (Bar 5) 
D10 (µm) 10.02 6.60 2.40 9.24 9.74 
D50 (µm) 128.09 99.17 59.93 138.36 204.58 
D95 (µm) 408.96 433.56 283.12 502.72 505.29 
Stratigraphic 
Position (m) 
213 209 228 229 261 
 
Paleoslope Calculations 
Two methods from Lynds et al. (2014) were used for estimating ancient 
depositional gradients based on modern sandy suspended load dominated rivers. 
Paleoslope estimates were calculated for five channel bars at the Blossburg Middle 
outcrop (Fig. 17, Table 6). 
Using Method 1, the five bars yield paleoslope values from 1.06 x 10​-5​ to 4.22 x 
10​-4​, with the average slope being 1.66 x 10​-4​. Using Method 2, the five bars yield 
paleoslope values from 6.10 x 10​-6​ to 6.41 x 10​-4​, with the average slope being 1.75 x 10​-4​. 
The second method provides a more accurate approach because it accounts for variation 
in Shields number at bankfull flow with different grain diameters; therefore, Method 2 
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yields lower slope values than Method 1. Compared to modern rivers, these results 
represent low slopes (Lynds et al., 2014). 
Because three of the five bars used in this study were only partially preserved, 
flow depths are underestimates for three of the five cases, which suggests that the 
paleoslope values are actually even lower than this study presents. 
 
Table 6:​ Summary of paleoslope results from five bars in the Blossburg Middle outcrop. 
 BLBM19-07-
B1 (Bar 1) 
BLBM19-06-
B2 (Bar 2) 
BLBM19-04-
B3 (Bar 3) 
BLBM19-01-
B4 (Bar 4) 
BLBM19-02-
B5 (Bar 5) 
Stratigraphic 
Position (m) 
213 209 228 229 261 
Preservation 
Type 
Fully 
Preserved 
Fully 
Preserved 
Fully 
Preserved 
Partially 
Preserved 
Partially 
Preserved 
Flow Depth 
(m) 
2 0.9 1.5 1.5 0.8 
D50 (µm) 128.09 99.17 59.93 138.36 204.58 
Paleoslope 
from Method 
1 
1.06 x 10​-5 1.82 x 10​-4 6.58 x 10​-5 1.52 x 10​-4 4.22 x 10​-4 
Paleoslope 
from Method 
2 
6.17 x 10​-5 5.94 x 10​-5 6.10 x 10​-6 1.05 x 10​-4 6.41 x 10​-4 
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Figure 17: ​Paleoslope values calculated from all five channel bars from the Catskill 
Formation at Blossburg Middle is plotted. A) Paleoslope calculated with Method 1 
plotted against the stratigraphic position. B) Paleoslope calculated with Method 2 plotted 
against the stratigraphic position. Note that Method 1 yields steeper slope values than 
Method 2. 
 
Two tests were performed to evaluate paleoslope change at Blossburg Middle; a 
linear regression test and a Wilcoxon rank-sum test (ɑ = 0.050). Although eight bars were 
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measured (Table 4), three were excluded from the analyses to avoid duplicate 
measurements within one channel body. 
By using the first method for the five sampled bars, the linear regression yields an 
R​2​ value of  0.6271, while the rank-sum test yields a p-value of 0.40 (>ɑ = 0.050). For 
Method 2, the linear regression yields an R​2​ value of 0.7952, while the rank-sum test 
returned a p-value of 0.40 (>ɑ =  0.050). Both methods demonstrate high R​2​ values and 
p-values. 
By using the first method for the four bars (excluding B3), the linear regression 
yields an R​2​ value of 0.8143, while the rank-sum test yields a p-value of 0.5 (> ɑ = 
0.050). For Method 2, the linear regression proposed an R​2​ value of 0.9119, while the 
rank-sum test returned a p-value of 0.5 (> ɑ = 0.050). 
The high R​2​ values for both datasets (with and without B3) are most likely due to 
the very low number of data points. The high p-values (> ɑ = 0.050) indicate that the 
paleochannels are independent, unrelated, and suggest that there is not a significant 
paleoslope change within the Blossburg Middle outcrop. Although the linear regression 
test and the Wilcoxon rank-sum test yield similar results, these findings are based on very 
few data points and provide a very limited statistical analysis. 
 
Stratigraphic Changes 
The data collected from the upper Catskill Formation at the Blossburg Middle 
outcrop were compared to a companion study by Filion (2020) from two outcrops, 
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stratigraphically above the Blossburg Middle outcrop, that span the lower Huntley 
Mountain Formation (Blossburg South and Blossburg West on Fig. 3). Comparisons were 
made for paleochannel depth, grain size, and paleoslope. 
 
Paleochannel Depth 
To evaluate changes in paleochannel depth over time, bar heights from Blossburg 
Middle were compared with bar heights from Blossburg South and Blossburg West 
(Filion 2020) (Fig. 18). A Wilcoxon rank-sum test (ɑ = 0.10) was performed to evaluate 
variations in heights among the 20 total bars measured. One of the bars from Blossburg 
Middle is a statistical outlier and was excluded from the analysis. For the dataset 
excluding the outlier (Bar 3), the linear regression proposed an R​2​ value of 0.4143, while 
the rank-sum test returned a p-value of 0.092 (< ɑ = 0.10). Although the number of 
samples is small, these results suggest that there is a significant increase in paleochannel 
depth spanning the upper Catskill Formation (Blossburg Middle) to the lower Huntley 
Mountain (Blossburg West and Blossburg South). 
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Figure 18:​ All 20 measured clinoform bar heights from Blossburg Middle, Blossburg 
South, and Blossburg West plotted against the stratigraphic position (this study; Filion, 
2020). Color boxes represent the stratigraphic extent of each outcrop. 
 
Grain Size Analysis 
Grain size data from Blossburg Middle were also compared with grain size data 
from Blossburg South and Blossburg West (Filion, 2020). The median grain size of 13 
total sampled channels increases upsection from 143μm (Blossburg Middle) to 171μm 
(Blossburg South) to 177μm (Blossburg West) (Fig. 19). Although the number of 
samples is small, these results suggest that there is a small increase in grain size spanning 
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the upper Catskill Formation (Blossburg Middle) to the lower Huntley Mountain 
Formation (Blossburg West and Blossburg South). 
 
Figure 19:​ Probability density function plots of all measured grain diameter from 13 
channel-bar samples from Blossburg Middle, Blossburg South, and Blossburg West. 
Dashed vertical lines indicate average D​50​ measurements. 
 
Paleoslope Analysis 
Paleoslope values from the upper Catskill Formation (Blossburg Middle) were 
also compared with paleoslope values from the lower Huntley Mountain Formation 
(Blossburg South and Blossburg West) (Figs. 20 and 21) (Filion, 2020). Using Method 1, 
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paleoslope calculations from all three locations range from 1.06 x 10​-5​ to 4.22 x 10​-4​. 
Using Method 2, paleoslope calculations from all three locations range from 1.06 x 10​-5 
to 4.22 x 10​-4​. 
A Wilcoxon rank-sum test (ɑ =0.10) was performed with Method 1 and Method 2 
to evaluate variations in calculated paleoslope. For this analysis, the outlier bar from 
Blossburg Middle (B3) was excluded. The Method 1 dataset returned a p-value of 0.556 
(>ɑ =0.10), while the Method 2 dataset returned a p-value of 0.556 (>ɑ =0.10). These 
results demonstrate that a linear correlation between stratigraphic height and paleoslope 
does not exist for the Blossburg Middle, Blossburg South, and Blossburg West outcrops. 
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Figure 20:​ All 12 measured paleoslope values from Blossburg Middle, Blossburg South, 
and Blossburg West plotted against stratigraphic position using Method 1. Color boxes 
represent the stratigraphic extent of each outcrop (this study; Filion, 2020). 
 
 
Figure 21:​ All 12 measured paleoslope values from Blossburg Middle, Blossburg South, 
and Blossburg West plotted against stratigraphic position using Method 2. Color 
rectangles represent the stratigraphic extent of each outcrop (this study; Filion, 2020). 
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DISCUSSION 
This new sedimentological and architectural dataset at the Blossburg Middle 
outcrop combined with previously reported regional datasets provides an improved 
understanding of the Upper Devonian Catskill Formation in north-central Pennsylvania, 
including the paleoenvironment, alluvial architecture, avulsion style, and floodplain 
processes. 
 
Nature of Rivers at Blossburg Middle 
The Blossburg Middle outcrop consists of features that typify fine-grained 
meandering rivers, including very fine- and fine-grained cross-stratified sandstone 
channel deposits and the majority of the floodplain deposits contain desiccation cracks, 
calcrete deposits, and crevasse splay deposits (Miall, 1985). Abundant lateral accretion 
surfaces, well-developed floodplains, and low slope values are consistent with deposition 
in a meandering fluvial environment. Prior to the evolution of plants, rivers had unstable 
banks with little evidence for lateral migration or floodplain development (Davies and 
Gibling, 2010, Gibling and Davies, 2012), but during the Devonian, the evolution of 
plants with deep roots stabilized the channel banks allowed for floodplain development, 
and created a meandering river style (Cotter, 1978; Alegeo et al., 2001; Davies and 
Gibling, 2010, Gibling and Davies, 2012). Meandering river deposits commonly display 
internal scour surfaces due to channel and bar migration across the floodplain (Van de 
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Lageweg et al., 2015). The Blossburg Middle outcrop contains lateral accretion surfaces 
in all seven channel bodies and provides evidence for lateral channel migration.  
Upper Devonian fluvial strata exposed in southern New York provide a useful 
comparison to the upper Catskill Formation examined in this study. Using different 
methods, paleoslope calculations from the lowermost 700 m of the Frasnian strata, 
located in the Catskill Mountains in New York, yield channel slopes of approximately 
1.00 x 10​-4​ to 2.00 x 10​-4​ for selected paleochannels near the paleoshoreline (Gordon and 
Bridge, 1987). The average slope calculated from a somewhat younger Fammenian strata 
at Blossburg Middle is most accurately represented from the Method 2 calculation of 1.75 
x 10​-4​, which is within the range of the New York paleoslope calculations. The slope 
value from the Blossburg Middle outcrop is comparable to the modern-day Osage River, 
215 miles upstream (north) of the junction with the Missouri River (Carlston, 1969). This 
slope calculation provides quantitative evidence that the rivers at Blossburg Middle were 
very shallowly dipping. 
  
Avulsion Style 
Results of this study indicate that the Blossburg Middle outcrop represents a 
fluvial environment that experienced both progradational and incisional avulsions. The 
lowermost 20 meters of the Blossburg Middle outcrop exposes isolated channel bodies 
upon proximal floodplain (crevasse splay) deposits, indicating a progradational avulsion 
style. Upsection, channel bodies are juxtaposed upon fine-grained distal floodplain 
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deposits, suggesting that channels rapidly moved to a new location and cut through the 
floodplain landscape, suggesting an incisional avulsion style. 
Avulsion style is most likely determined by floodplain deposition and floodplain 
erosion (Hajek and Edmonds, 2014). Progradational avulsions occur when sediment 
supply is high and sediment is deposited on the floodplain, while incisional avulsions 
occur when sediment supply is low and floodplains are easily erodible (Hajek and 
Edmonds, 2014). Models from previous studies have suggested that floodplain deposition 
and erosion can happen simultaneously causing both avulsion styles to exist (Hajek and 
Edmonds, 2014). The Blossburg Middle outcrop is a mixed avulsion style system and 
indicates that progradational and incisional processes may have shaped the same river 
system concurrently.  
 
Floodplain Scours 
The floodplain scours at Blossburg Middle outcrop provides significant evidence 
for floodplain channelization. Floodplain scours are erosional features that document 
channelization during overbank flow and are distinctly different from the main channel in 
planform, geometry, and meander wavelengths (David et al., 2016; David et al., 2018). 
The scours within floodplain deposits at Blossburg Middle indicate that these floodplain 
channels were erosive, instead of having uniform sheetflow. 
Floodplain cohesion is also an important factor in understanding the dynamics of 
floodplain channelization. During the Late Devonian, plant expansion prompted 
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increasing channel stability by increasing bank cohesion and stability through the 
development of penetrative root systems, but these plants also provided cohesive strength 
to the soil (Gibling and Davies, 2012). Increased vegetation can also be linked to higher 
rates of pedogenesis on the floodplain (Alego et al., 2001). The floodplain deposits at 
Blossburg Middle were likely cohesive given the abundance of clay-rich sediments with 
rootlets, caliche nodules, and pedogenic slickensides. A cohesive floodplain allowed for 
floodplain channelization as evidenced by the abundant floodplain scours. 
The presence of floodplain channels is a key feature in understanding avulsion, 
crevasse splay dynamics, and style of the main channel (David et al., 2016). Specifically, 
avulsion style is associated with erosion or deposition from overbank flow (Hajek and 
Edmonds, 2014). Previous work has suggested that floodplain channels occur through 
incisional processes via headward erosion of channels in the floodplain, rather than 
progradational processes, propagating sediment wedge across the floodplain (David et al., 
2016); therefore, the abundance of floodplain scours at the Blossburg Middle outcrop 
provides evidence that floodplain channels were prevalent. 
 
Distributive Fluvial Model 
The Catskill Formation in Pennsylvania has previously been interpreted to be a 
part of distributive fluvial system based on the upsection changes in paleosol 
development, channel morphology (paleochannel depth), grain size, and alluvial 
architecture (Oest, 2015; Broussard et al., 2018). A distributary fluvial system is defined 
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as a fluvial system where both active and abandoned channels form a large branching and 
distributive channel pattern (i.e., channels bifurcating downstream) that disperses 
sediments across the landscape (Weissmann et al., 2013). Distributive fluvial systems are 
common in modern-day actively aggrading continental sedimentary basins in diverse 
tectonic and climatic regimes; these systems are also interpreted to represent a significant 
part of alluvial stratigraphy in the rock record (Oest, 2015; Hartley et al., 2010; 
Weissmann et al., 2013). Distributary fluvial models commonly show a downstream 
decrease in channel size and grain size, and a higher percentage of floodplain deposits at 
distal locations (Weissmann et al., 2013). A decrease in channel size and grain size, and a 
higher percentage of floodplain deposits can be observed in the Blossburg Middle 
outcrop. 
Distributive fluvial systems can be broken into subdivisions: proximal, medial, 
and distal (Weissmann et al., 2013). Other models are also based on sand-dominated and 
mixed-load fans, but utilize a different classification scheme (feeder, distributary, and 
basinal) (Kelly and Olsen, 1993). For this study, the terms proximal, medial, and distal 
are used to discuss relative locations on the alluvial plain. The coarsest sediment is often 
deposited in the most proximal area to the mountain front because of the loss of energy as 
the river system leaves the confined valley. Proximal deposits typically consist of 
amalgamated channel bodies with little preservation of floodplain deposits, which may be 
caused by frequent avulsions and erosion of older channel belt deposits (Weissman et al., 
2013). Medial deposits, also known as the distributary zones, consist of a combination of 
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mudstones, sheet sandstones, and occasional shale deposits (Kelly and Olsen, 1993). 
These areas typically receive very little coarse-grained material and are often dominated 
by sandy crevasse splay deposits from overbank flooding (Kelly and Olsen, 1993; 
Parkash et al., 1983). Distal channel deposits contain very fine-grained floodplain 
material because of the decrease in channel belt size and channel velocity (Weissman et 
al., 2013). The combination of crevasse splay deposits, single isolated channel bodies, 
and paleosol development at Blossburg Middle suggests a medial to distal location from 
the mountain front.  
In most progradational systems, facies tend to ‘migrate’ basinward, which creates 
a pattern where distal facies lie beneath medial facies, which in turn, lie beneath proximal 
facies (Weissman et al., 2013). Overlying strata exposed at Blossburg South and West 
exhibit coarse grain size, more amalgamated sand bodies, and less floodplain 
preservation, consistent with deposition in proximal environments (Filion, 2020). 
Outcrops exposed tens of kilometers south and west of Blossburg exhibit similar 
stratigraphic variations, consistent with progradation (Fig. 2; Broussard et al., 2018). In 
summary, the observed changes in the Blossburg outcrops from the Upper Catskill 
Formation to the Lower Huntley Mountain Formation are consistent with a 
progradational succession during the latest Devonian time. High-resolution stratigraphic 
studies from other outcrops are needed to test this tentative hypothesis.  
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Tectonics and Climate 
Regional tectonics and climate change likely contributed to the observed latest 
Devonian fluvial stratigraphy. The Blossburg Middle is part of a distributive fluvial 
mode, which often develops in aggradational settings, such as subsiding sedimentary 
basins (Hartley et al., 2010). Previous studies have shown that alluvial architecture may 
reflect changes in accommodation creation, sedimentation, and landscape dynamics (e.g., 
Allen, 1978; Leeder, 1978, Bridge and Leeder, 1979, Heller and Paola, 1996; Kraus, 
2002). In some models of alluvial stratigraphy, high accommodation creation rates 
relative to sediment supply rates can create isolated channel bodies and decreases in 
sandstone:mudstone ratios (Hajek and Heller, 2012). Such isolated channel bodies typify 
the lower part of the Blossburg Middle outcrop and suggest relatively high 
accommodation rates. In contrast, low accommodation creation rates relative to sediment 
supply create interconnected and amalgamated channel bodies (Hajek and Heller, 2012), 
such as those observed at the upper Catskill and lower Huntley Mountain Formations in 
the Blossburg South and Blossburg West outcrops (this study; Filion, 2020). Therefore, 
the Blossburg outcrops (Middle, South, and West) provide insight into the complex 
relationship between sedimentation rates and accomodation rates during the Late 
Devonian Acadian orogeny. 
The observed stratigraphic changes may also reflect the latest Devonian climate 
change. The Upper Devonian Spechty Kopf and Rockwell Formations overlie the Catskill 
Formation in eastern Pennsylvania are interpreted to be glacially derived during an 
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episode of global cooling (Brezinski et al., 2010). These formations are age equivalent to 
the lower Huntley Mountain Formation exposed at Blossburg West (Fig. 2; P. Zippi, 
personal communication in Filion, 2020). Global cooling, glaciation, and associated 
sea-level fall during the Late Devonian may have caused an increase in precipitation rates 
(Brezinski et al., 2010). This increase in precipitation can explain the increase in 
paleochannel depths spanning the upper Catskill Formation to the lower Huntley 
Mountain Formation at Blossburg (this study; Filion, 2020) but more detailed studies are 
needed to evaluate this potential linkage. 
 
CONCLUSIONS 
New sedimentological and fluvial architecture data from the upper 80 meters of 
the latest Devonian sedimentary succession in north-central Pennsylvania provides a 
better understanding of river morphology and avulsion styles in these ancient fluvial 
deposits. In the Blossburg Middle outcrop, three facies associations were identified: 
channel facies, proximal floodplain facies, and distal floodplain facies. Channel deposits 
are very fine to medium-grained lenticular sandstones with lateral accretion surfaces, 
trough cross-stratification and horizontal stratification, and occasional mudstone rip-up 
clasts, transported caliche nodules, plant fragments, and fish fossil fragments. Proximal 
floodplain deposits dominantly consist of red mudrocks and very fine- to fine-grained 
sharp-based sandstone beds. Distal floodplain deposits are characteristic of 
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well-developed paleosols and are composed of red mudstone, claystone, and shale with 
abundant caliche nodules, pedogenic slickensides, and reduction zones with rootlets and 
mudcracks commonly located at the top of bed sets. 
Channel deposits include both single-story isolated channel bodies to 
amalgamated multistory sand bodies. Single-story sand bodies range from 1.5 m to 5.0 m 
thick, while multistory sand bodies range from 5.25 m to 6.20 m thick. All multistory 
sand bodies at Blossburg Middle have two stories, with the average story thickness being 
1.5 m.  
Channel depths measured from bars range from 0.6 m to 3.5 m, with an average 
height of 1.5 m. Median grain size values for collected samples range from 59.93 μm to 
204.58 μm (clay to coarse sand). Channel depth, grain size, and paleoslope do not show a 
significant upsection change within the Blossburg Middle outcrop. 
The channel and floodplain facies, lateral accretion surfaces, significant paleosol 
development, and low slope values suggest that the Blossburg Middle represents a 
fine-grained meandering river. The abundant floodplain scours within the floodplain 
deposits at Blossburg Middle provides evidence for floodplain channelization. The 
outcrop includes variations in the abundance of crevasse splay deposits, and distal 
floodplain deposits beneath channel belt scours suggests that these rivers had both 
progradational and incisional avulsions during the latest Devonian time. 
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APPENDICES 
 Appendix 1: ​Table of raw volume percent grain size data for Blossburg Middle outcrop 
Size Clasts BLBM19-07-
B1 (Bar 1) 
(%) 
BLBM19-06-
B2 (Bar 2) 
(%) 
BLBM19-04-
B3 (Bar 3) 
(%) 
BLBM19-01-
B4 (Bar 4) 
(%) 
BLBM19-02-
B5 (Bar 5) 
(%) 
0.01 0 0 0 0 0 
0.011361631 0 0 
0.000058139847
62 0 0 
0.01290866591 0 0 0.07830281422 0 0 
0.01466634988 0 0 0.1044659206 0 0 
0.01666336555 0 0 0.1304245428 0 0 
0.01893230107 0 0 0.1561066328 0 0 
0.02151018188 0 0 0.1813350615 0 0 
0.02443907494 0 0 0.2058873143 0 0 
0.02776677516 0 0 0.2295071019 0 0 
0.03154758535 0 0 0.2519001108 0 0 
0.03584320238 0 0 0.2727385237 0 0 
0.04072372395 0 0 0.2916640641 0 0 
0.04626879247 0 0 0.308293304 0 0 
0.0525688947 0 0 0.322224794 0 0 
0.05972683839 0 0 0.3330490964 0 0 
0.06785942989 0 0 0.3403626259 0 0 
0.07709938026 0 0 0.3437865498 0 0 
0.08759747091 0 0 0.3429921064 0 0 
0.09952501415 0 0 0.3377335965 0 0 
0.1130766486 0 0 0.3278895862 0 0 
0.1284735157 0 0 0.3135110191 0 0 
0.1459668679 0 0 0.2948713102 0 0 
0.1658421692 0 0 0.2725079476 0 0 
0.1884237532 0 0 0.2472396299 0 0 
0.2140801156 0 0 0.2201440434 0 0 
0.2432299279 0 0 0.1924986528 0 0 
0.276348869 0 0 0.1657177838 0 0 
0.3139773878 0 0 0.1413225621 0 0 
0.3567295224 0 0 0.1209053174 0 0 
0.4053029202 0 0 0.1059797771 0 0 
0.4604902225 0 0 0.09771321677 0 0 
0.5231919989 0 0 0.09668929777 0 0 
0.5944314436 0 0 0.1028218277 0 0 
0.6753710719 0 0 0.1154320864 0 0 
 
84 
0.7673316911 0 0 0.1336244708 0 0 
0.8718139532 0 0 0.1570196788 0 0 
0.9905228441 0 
0.000661127488
5 0.1867784829 0 0 
1.125395506 
0.000403590389
9 0.06275804168 0.2262796609 0.001012926884 0 
1.278632847 0.04076822819 0.1172065651 0.2806359275 0.07733356671 0.001347719039 
1.45273546 0.1237511978 0.2039517906 0.3543218268 0.1440092448 0.1004360888 
1.650544424 0.2069288519 0.3167207506 0.4475867349 0.2308651168 0.1840904778 
1.87528767 0.298332625 0.4417615191 0.5546497146 0.325648198 0.277089089 
2.130632654 0.3866325603 0.5659565061 0.6666516251 0.4149817837 0.3682569989 
2.420746202 0.4660911384 0.6822102516 0.7770686424 0.4918445586 0.4524131873 
2.75036251 0.5387131319 0.7923714224 0.882473984 0.5594388905 0.532910377 
3.124860397 0.6108288169 0.9022059654 0.9790668562 0.6266295166 0.6173972141 
3.550351077 0.6869064205 1.015330255 1.063352577 0.7009567331 0.7101217525 
4.033777887 0.7658404295 1.129882617 1.133617949 0.7836977395 0.8076788082 
4.58302959 0.8410620776 1.238820589 1.189704816 0.8693058928 0.8997884699 
5.207069109 0.9053972997 1.334819659 1.233287121 0.950599832 0.9753240678 
5.916079783 0.9559939298 1.414554024 1.267267134 1.024140386 1.028075936 
6.721631549 0.9934923079 1.477656743 1.295496076 1.089196662 1.056013055 
7.636869741 1.019406027 1.524378764 1.322409451 1.145122567 1.05863999 
8.676729602 1.03627463 1.555684815 1.352583779 1.192116747 1.037349336 
9.858180007 1.047981804 1.573772661 1.390567482 1.232112172 0.9963160928 
11.20050036 1.057860694 1.581124337 1.44026131 1.267301957 0.9409200004 
12.72559522 1.068151411 1.580533096 1.504224093 1.300026824 0.8775056851 
14.45835172 1.079062408 1.574801825 1.582641519 1.332125962 0.8123566562 
16.42704571 1.08847446 1.566678774 1.67282533 1.364583047 0.750835436 
18.66380319 1.092505229 1.559002539 1.769532777 1.397347703 0.696555112 
21.2051245 1.087245184 1.555280926 1.866299224 1.429681005 0.6511821809 
24.09248 1.071537908 1.560319302 1.957690927 1.46077961 0.6147263805 
27.37298677 1.050290433 1.58063405 2.041991935 1.490632139 0.5863885525 
31.10017752 1.037344407 1.624287499 2.123447072 1.520896063 0.5658245439 
35.33487411 1.056794071 1.699986779 2.213221898 1.555661333 0.5546816821 
40.14618012 1.141668365 1.815498973 2.328398635 1.601939711 0.5581760678 
45.61260848 1.329336954 1.975863813 2.488758017 1.669792307 0.5864920613 
51.82336267 1.653859374 2.18211339 2.71162314 1.77202976 0.65573443 
58.87979241 2.136118449 2.430642237 3.00522618 1.923064178 0.7877826606 
66.8970475 2.773725597 2.713184279 3.362023748 2.136617319 1.0084198 
76.0059569 3.533690222 3.017347115 3.754303927 2.422398009 1.343434989 
86.35516364 4.351115729 3.327616517 4.134460972 2.782349486 1.812926729 
98.11355046 5.136425449 3.626868176 4.441632377 3.20759715 2.42479675 
111.4729957 5.791153262 3.898007495 4.61427398 3.677112792 3.168743155 
126.6515044 6.228289995 4.125214152 4.605023994 4.158909904 4.012659511 
 
85 
143.8967659 6.392582302 4.294285579 4.394564649 4.612958207 4.901521278 
163.4901957 6.273883184 4.392688476 3.999276288 4.995879824 5.760512315 
185.7515276 5.907978867 4.409721504 3.468658136 5.266491885 6.503001384 
211.0440316 5.363926365 4.336732043 2.872297967 5.390954558 7.04274563 
239.7804412 4.722575161 4.167780388 2.281223364 5.346887195 7.308325004 
272.4296895 4.054044862 3.900232685 1.750039867 5.12543293 7.255906175 
309.5245607 3.403065179 3.535715402 1.306684903 4.731272157 6.876295702 
351.6703846 2.787200966 3.08235284 0.9541797411 4.181463196 6.193722214 
399.5549145 2.20396412 2.554235355 0.6792468956 3.501255185 5.255493796 
453.9595504 1.634944047 1.96648768 0.4621414502 2.716722734 4.115196626 
515.7720903 1.067042914 1.336801521 0.2443423223 1.856985104 2.83013948 
586.0012172 0.4966793625 0.6734946741 0.02854665071 0.9385891713 1.435710136 
665.7929599 0.002658002551 0.003762508348 
0.000416365443
6 0.005249061853 0.00803921587 
756.4493935 0 0 0 0 0 
859.4498883 0 0 0 0 0 
976.4752498 0 0 0 0 0 
1109.435147 0 0 0 0 0 
1260.499277 0 0 0 0 0 
1432.132766 0 0 0 0 0 
1627.136404 0 0 0 0 0 
1848.692342 0 0 0 0 0 
2100.416023 0 0 0 0 0 
2386.415181 0 0 0 0 0 
2711.356871 0 0 0 0 0 
3080.543628 0 
0.000000000127
0687259 0 
0.000000000177
2662017 
0.000000000271
4889054 
3500 0 0 0 0 0 
 
 
 
 
